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ABSTRACT. Methods are described for the isolation of mitochondrial and total cellular DNA from
mosquitoes. The mitochondrial and ribosornal DNA restriction patterns could be detected in the total
DNA of an individual mosquito by the use of cloned probes. DNA restriction analysis may prove to be a
useful alternative to isozyme electrophoresis for the study of insect population genetics.
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INTRODUCTION
Restriction analysis of mitochondrial DNA
(mt DNA) has several advantages over other
DNA based techniques that have led to its use
in studying mammalian population genetics
(Brown 1985, Avise and Lansman 1983). The
mitochondrial genome is present in hundreds to
thousands of identical copies per cell, so there
is much more of it than a nuclear sequence that
is only present in two copies per cell. Second, it
is possible to isolate mt DNA free of nuclear
DNA by physical methods, so that it is not
necessary to clone the DNA or to use radioactive
detection methods. Finally, since the mamma-
Iian mitochondrial genome has evolved at a
much faster rate than the nuclear genome mt
DNA analysis is more sensitive than nuclear
DNA analysis.
Mitochondrial DNA analysis has also been
used to study insect evolution. Because of the
small size of insects it is generally not possible
to isolate pure mt DNA from individual insects,
so two approaches have been taken. One is to
rear large families of insects from the popula-
tions under investigation; since all descendants
of a single female share her mitochondrial phe-
notype sufficient material can be obtained by
pooling members of a family (Shah and Langley
1979, Solignac et al. 1986, Hale and Singh 1986,
LaTorre et al. 1986). Another approach is to
isolate total DNA from individual insects and to
use a radioactively or chemically labelled probe
to identify the mt DNA pattern (Harrison et al.
1985, 1987; De Salle et al. 1986a). This requires
cloned or purified insect mt DNA sequences to
use as probes.
The ribosomal RNA genes (rDNA) in most
organisms are also present in hundreds ofcopies
per cell, but are arranged in tandem repeats in
the nuclear chromosomal DNA (Gerbi 1985).
These genes have been cloned from many insect
species and can also be analyzed in individual
insects using cloned probes (Collins et al. 1987).
Powell et al. (1987) have reported that the rates
of evolution of mt DNA and of total nuclear
DNA in Drosophila are about the same, so in
insects IDNA analysis may be as valuable as mt
DNA analysis. In this paper we describe tech-
niques to analyze the mitochondrial and rDNA
restriction profiles of individual mosquitoes.
MATERIALS AND METHODS
Anopheles quadrimaculafus sp. A was from the
ORLANDO colony strain, while An. quadrima-
culatus sp. B was from a colony established from
mosquitoes collected at Lake Octahatchee, Flor-
ida. Arnphebs quad,rimaculatus sp. C was col-
lected at Shell Mound, Levy County, Florida.
Mosquito DNA was isolated by an adaption
of a technique commonly used to prepare Dro-
sophila DNA (Bender et al. 1983). About 2 g of
frozen (-80"C) adult mosquitoes were powdered
in a mortar and pestle on dry ice. This was
suspended in 100 ml of ice cold homogenization
buffer (0.1 M NaCl, 0.2 M sucrose, 0.01 M
ethylenediaminetetraacetic acid (EDTA), 0.03
M tris HCl, pH 8.0), homogenized for a few
strokes in a Wheaton dounce type tissue grinder,
and transferred to a centrifuge bottle. Twenty-
five ml of lysis buffer (0.25 M EDTA, 2.5% SDS,
0.5 M tris HCl, pH 9.2) was vigorously blown in
using a 60 ml syringe, 1 mg of proteinase K
added, and the bottle gently inverted a few times
to insure complete mixing. The mixture was
incubated at 55"C for t hr. 17 ml of 8 M
KCruCOOH added, and the bottle gently in-
verted until mixed. After t hr at 4"C the protein/
cuticle/SDS precipitate was pelleted by centrif-
ugation at 17,000 g for 20 min. Three-hundred
ml ethanol was added to the supernatant, mixed
in, and incubated at 4"C for t hr. The nucleic
acid pellet was pelleted at 17,000 g for 10 min,
washed two times with 70% ethanol, and the
pellet air dried. The pellet was redissolved in b
ml of TE (10 mM tris HCl, 1 mM EDTA, pH
8.0), transferred to a smaller tube, 0.b ml 4M
NaCl added, and reprecipitated with 10 ml
ethanol. The pellet was dissolved in a minimal
volume of TE (generally 0.5-1.0 ml) containing
l0 pg/ml preboiled RNase A. This oude DNA
preparation was acceptable for restriction diges-
tion. If necessary it was further purified by
phenol extraction or CsCl gradient centrifuga-
tion (Maniatis et al. 1982).



Snprp\asen 1988 MrrocHoNDRrAL AND RIBosoMAL DNA Ault vsrs
In: M. Nei and M. A. Sunderland (Eds.), Evolution
of genes and proteins. Sinauer Assoc. Inc., Sunder-
land, MA.
Bender, W., P. Spierer and D. S. Hogness. 1983.
Chromosomal walking and jumping to isolate DNA
from the Ace and rosy loci and the bithorax complex
in Drosophila melanogaster. J. Mol. Biol. 168:17-33.
Brown, W. M. 1985. The mitochondrial genome of
animals, pp. 95-130. In: R. J. Maclntyre (Ed.),
Molecular evolutionary genetics. Plenum Publ. Co.,
New York.
Collins, F. C., M. A. Mendez, M. O. Rasmussen, P. C.
Mehaffey, N. J. Besansky and V. Finnerty. 1987. A
ribosomal RNA gene probe differentiates member
species of the Anopheles gambiae complex. Am. J.
Trop. Med. Hyg  37:37-41.
DeSalle, R. and L. V. Giddings. 1986. Discordance of
nuclear and mitochondrial DNA phylogenies in Ha-
waiian Drosophiln. Proc. Natl. Acad. Sci. USA
83:6902-6906.
DeSalle, R., L. V. Giddings and K. Y. Kaneshiro.
1986a. Mitochondrial DNA variability in natural
populations of Hawaiian Drosophila.II. Genetic and
phylogenetic relationships of D. siluestris and D.
heteroneura. Heredity 56;87-96.
DeSalle, R., L. V. Giddings and A. R. Templeton.
1986b. Mitochondrial DNA variability in natural
populations of Hawaiian Drosophila.l. Methods and
levels of variability in D. siluestris and D. hetero-
neurc populations. Heredity 56:75-85.
Dubin, D. T., C. C. HsuChen and L. E. Tillotson. 1986.
Mosquito mitochondrial transfer RNAs for valine,
glycine, and glutamate: RNA and gene sequences
and vicinal gene organization. Curr. Genet. 10:701-
707.
Gerbi, S. A. 1985. Evolution of ribosomal DNA, pp.
419-517. In: R. J. Maclntyre (Ed.), Molecular evo-
lutionary genetics. Plenum Publ. Co., New York.
Hale, L. R. and R. S. Singh. 1986. Extensive variation
and heteroplasmy in size of mitochondrial DNA
among geographic populations of Drosophila m.ela-
nogaster. Proc. Natl. Acad. Sci. USA 83:8813-8817.
Harrison. R. G.. D. M. Rand and W. C. Wheeler. 1985.
Mitochondrial DNA size variation within individual
crickets. Science 228:1446-L447 .
Harrison, R. G., D. M. Rand and W. C. Wheeler. 1987.
Mitochondrial DNA variation in field crickets
across a narrow hybrid zone. Molec. Biol. Evol.
4:144-158.
HsuOhen. C. C.. R. M. Kotin and D. T. Dubin. 1984.
Sequences of the coding and flanking regions of the
large ribosomal subunit RNA of mosquito mito-
chondria. Nucl. Acids Res. 12:777I-7785.
Latorre, A., A. Moya and F. J. Ayala. 1986. Evolution
of mitochondrial DNA in Drosophila subobscura.
Proc. Natl. Acad. Sci. USA 83:8649-8653.
Maniatis, T., E. F. Fritsch and J. Sambrook. 1982.
Molecular cloning. A laboratory manual, p. 545.
Cold Spring Harbor Labs, Cold Spring Harbor, NY.
Mitchell, S. E. and A. F. Cockburn. 1988. A non-
radioactive technique for in situ hybridization of
DNA to mosquito polytene chromosomes. J. Amer.
Mosq. Contr. Assoc. (submitted)
Powell, J. R., A. Caccone, G. D. Amato and C. Yoon.
1986. Rates of nucleotide substitution in Drosophiln
mitochondrial DNA and nuclear DNA are similar.
Proc. Natl. Acad. Sci. USA 83:9090-9093.
Shah, D. M. and C. H. Langley. 1979. Inter- and
intraspecific variation in restriction maps of Dro-
sophile mitochondrial DNAs. Nature 281:696-699.
Solignac, M., M. Monnerot and J. C. Mounolou. 1986.
Mitochondrial DNA evolution in the melanogaster
species subgroup of Drosophila. J. Mol. Evol. 23:31-
40.
